Plasmid isolation was used to refine the epidemiologic analysis for 168 shigellosis cases in Pima County, Ariz. Plasmids of less than 20 kb were used for comparison of plasmid profiles. Plasmid patterns for each species were distinct. A total of 57 of 74 (77%) Shigella flexneri strains could be placed into seven plasmid patterns, 70 of 79 (89%) Shigella sonnei strains could be placed into seven patterns, 12 Shigella boydii strains could be placed into six patterns, and each of 3 Shigella dysenteriae strains differed. There was a correlation between plasmid patterns and serotypes for S.flexneri, and multiple plasmid patterns were found in serotypes 1, 2, and 6, offering a refinement beyond serotyping. In previous studies we found an association between Mexican travel and an S. sonnei 5.1-kb plasmid. When this plasmid was used as a probe, strong homology was seen with numerous small plasmids in all Shigella species; restriction endonuclease analysis revealed a 1.1-kb Aval-A vall fragment common to various plasmids of S. sonnei, S. flexneri, and S. boydii independent of species. Of 34 Pima County Shigella isolates from the mid-1970s, 8 showed plasmid patterns similar to those of the recent isolates. Some plasmids from S. sonnei, S. flexneri, and S. boydii strains isolated in the 1970s also contained the AvaI-Avall fragment. The conservation of this specific fragment in our population for more than 12 years suggests that it may contain genes important in virulence or survival.
Arizona has the second highest rate of shigellosis in the United States. The 1988 incidence was 39.0 cases per 100,000, which is three times the national rate (2) . In 1986, the Pima County Health Department in Tucson, Ariz., began an epidemiologic investigation of shigellosis cases (8) . We obtained the isolates from that study for plasmid analysis in an attempt to refine their epidemiologic data.
Plasmid analysis can aid in the differentiation of isolates and has been used as an epidemiologic tool in investigating outbreaks of enteric disease (3, 4, 10, 11, 18, 20) . Shigella species contain a heterogeneous population of plasmids (6) . All four Shigella species carry a large plasmid which encodes properties that are essential for virulence (15) . Apart from plasmids which confer drug resistance, comparatively little is known about the small plasmids of Shigella species. Southern blot hybridization and restriction enzyme analysis can refine plasmid profile analysis by elucidating common regions of homology among plasmids of similar or different sizes (21) . In a previous study limited to Shigella sonnei, we used plasmid profiles and DNA homology to find a correlation between plasmids and Mexican travel (7) . In the present study, all Shigella species isolated from Pima County between April 1986 and May 1987, including the previously reported S. sonnei isolates, were examined and compared with Shigella species from other locations and time points. In this paper, we report a correlation between plasmid profiles and serotypes of S. flexneri and the discovery of a unique 1.1-kb DNA restriction fragment derived from the small plasmids of three of the four Shigella species.
(This work was presented in part at the 90th Annual Meeting of the American Society for Microbiology, Anaheim, Calif., 13 Plasmid isolation. Small-scale preparation for detection of plasmid DNA was accomplished by using a rapid alkaline lysis procedure (12) . Large-scale isolation of DNA for purification of individual plasmids and restriction enzyme analysis was done by using Qiagen columns (Qiagen Inc., Studio City, Calif.) according to the manufacturer's directions. Plasmids were detected by electrophoresis in 0.7% agarose gel containing 0.5 ,ug of ethidium bromide per ml and photographed with UV-light illumination (9, 13) . Individual plasmids and restriction fragments were recovered from the isolates by electroelution of plasmids from 0.7% agarose gels with subsequent purification by charged ion-exchange columns (Nacs Prepac; Bethesda Research Laboratories, Gaithersburg, Md.). Supercoiled DNA ladder and 1-kb DNA ladder (Bethesda Research Laboratories) were used as size standards.
Restriction endonuclease analysis of plasmids. The restriction endonucleases AvaI and AvaIl were used for digestion of the isolated plasmids. Restriction enzymes were used according to the supplier's recommendation (Bethesda Research Laboratories).
Preparation of probe. The probes used were an entire 5.1-kb S. sonnei plasmid associated with travel to Mexico (MP probe) and a 1.1-kb AvaI-AvaII restriction fragment derived from the 5.1-kb plasmid. DNA probes were labeled with 32P by nick translation or random primers (14) .
DNA-DNA hybridization. Probe hybridization of DNA transferred to nylon GeneScreen-Plus filters (Dupont, NEN Research Products, Boston, Mass.) by the method of Southern (17) was performed under stringent conditions according to the manufacturer's directions (hybridization at 42°C, 50% formamide solution).
RESULTS
Numerous plasmid patterns were found in the 168 recent Pima County isolates. Representative plasmid profiles from each Shigella species are shown (Fig. 1A) . Many isolates demonstrated the large virulence plasmid (180 to 220 kb) that has been related to invasiveness. This plasmid was not used for pattern comparison of isolates because of its documented instability on subculture (15) . Large plasmids, which were not further investigated because of instability, were noted migrating above the chromosomal DNA in lanes b through f, i through o, and r (Fig. 1A) . Plasmids of less than 20 kb were used for comparison of plasmid profiles. Only bright bands were used in the analysis. Faint bands seen below the chromosomal DNA were interpreted as relaxed forms of the brighter bands. This was confirmed by isolation of individual plasmids by electroelution. The patterns were distinct for each Shigella species. Isolates of the same group had identical plasmid profiles. Table 1 summarizes the multiple plasmid patterns found in S. sonnei, S. flexneri, S. boydii, and S. dysenteriae and the isolates of each species associated with Mexican travel or day-care centers.
As previously reported, S. sonnei isolates demonstrated seven plasmid groups (7) and are included in Fig. 1 in 57 (77%) strains, including 9 ungrouped strains. Six plasmid patterns were demonstrated in S. boydii isolates. These patterns contained one to five plasmids which ranged in size from 1.4 to >20 kb. The common plasmids, of 5.5, 4.1, 2.8, and 1.5 kb, were present in four of the groups. Each of the three S. dysenteriae isolates had a different pattern, with two to five plasmids ranging in size from 1.5 to 7.5 kb.
In previous studies, the 5.1-kb S. sonnei plasmid was shown to be associated with recent travel to Mexico (7) . No similar association with Mexican travel was found for any of the S. flexneri, S. boydii, or S. dysenteriae plasmids.
The correlation between serotype and plasmid pattern for S. flexneri is demonstrated in In Fig. 1B , the 5.1-kb plasmid from S. sonnei (MP probe) previously shown to be associated with Mexican travel (7) was used to probe a Southern transfer of the gel shown in Fig. 1A . DNA homology was seen in plasmids from S. sonnei (7.4, 5.5, and 5.1 kb), S. flexneri (5.2, 4.1, and 4.0 kb), S. boydii (4.1 and 3.8 kb), and S. dysenteriae (5.6, 5.1, 4.1, and 2.8 kb). Slight nonspecific hybridization with other plasmids was also present.
Restriction endonuclease analysis was used in an attempt to localize specific regions common in Shigella plasmids homologous to the MP probe. Of the multiple endonucleases investigated, AvaI and AvaIl were found to be the most useful. Digestion of plasmids from the 1970s isolates and the Pima County Shigella isolates from 1986 and 1987 with both AvaI and AvaIl revealed a common 1.1-kb fragment in S. sonnei and S. flexneri (Fig. 2) Figure 2A illustrates AvaI-AvaII restriction enzyme analysis of the isolated S. sonnei and S. flexneri plasmids. When the 1.1-kb AvaI-AvaII DNA fragment ( Fig. 2A, arrow ) from a 5.1-kb plasmid of S. sonnei was used to probe the Southern transfer (Fig. 2B ) of the gel shown in Fig. 2A , homology was demonstrated between the 1.1-kb fragments derived from S. sonnei 7.4-and 5.1-kb plasmids, S. flexneri 4.1-kb plasmids, and the 2.4-and 0.1-kb fragments derived from a 5.5-kb S. sonnei plasmid. Some plasmids from S. sonnei and S. flexneri strains isolated in the 1970s and from Seattle and Spokane, Wash., also showed patterns identical to those of our recent isolates and homology with the AvaI-Avall probe (Table 3) . None of the 19 other strains of the Enterobacteriaceae probed contained plasmids homologous with the 1.1-kb AvaI-AvalI probe.
DISCUSSION
Plasmid fingerprinting is a helpful tool in epidemiological studies, particularly if there is a spectrum of plasmid profiles in the population. In our study, numerous plasmid patterns were found in each of the Shigella species. Tacket et al. (19) also found multiple plasmid profiles in all Shigella species, Similarly, we found a number of plasmids common to S. flexneri serotypes 1, 2, and 4, including the 4.1-kb (2.7-MDa) and 3.2-kb (2.1-MDa) plasmids which were present in 54 and 77% of isolates, respectively. We also found a correlation between serotype and plasmid pattern which could be useful in identifying epidemic strains. In our study, serotypes 1 and 2 were the most common, followed closely by serotypes 3 and 6. Multiple plasmid patterns were seen in serotypes 1, 2, and 6. In this instance, plasmid profiles offer a refinement beyond serotyping. The presence of the 4.1-and 3.2-kb plasmids in the same serotypes in isolates of Shigella from widely separated geographic regions suggests the possible importance of these plasmids in pathogenicity or survival.
Comparison of the plasmid patterns of Pima County Shigella isolates with those of isolates from other locations and times showed that there were low numbers of S. sonnei (1 of 15), S. boydii (1 of 11), and S. dysenteriae (1 of 10) isolates that had plasmid patterns identical to those of the Pima County isolates from 1986 to 1987. However, a number of S. flexneri isolates (5 of 12) had plasmid patterns similar to those of isolates from other locations and times. This suggests that there is less geographic variation in S. flexneri isolates.
Previously, we reported the association of a 5.1-kb plasmid of S. sonnei with travel to Mexico (7). Similar connections between plasmid pattern and source for S. flexneri, S. boydii, or S. dysenteriae were not found. We used this 5.1-kb plasmid as a probe (MP probe) and found interspecies homology in the small Shigella plasmids. This interspecies plasmid homology was noted in many of the commonly occurring plasmids, including the 4.1-kb (2.7-MDa) plasmid in S. flexneri and the 4.1-kb plasmid of S. boydii. Restriction enzyme analysis combined with Southern hybridization revealed a common 1.1-kb AvaI-AvaII fragment (Fig. 2) 
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The partial DNA homology seen in the small plasmids of Shigella species could be due to evolution of the plasmids. Strong evidence to support evolutionary relationships between plasmids exists. Brunton et al. (1) found two ,-lactamase plasmids in separate strains of Haemophilus ducreyi that were identical except that the larger plasmid carried a 1.3-MDa insertion. An identical 1.3-MDa insertion was also found in two gonococcal ,-lactamase plasmids. It has been suggested that the 1.3-MDa sequence is an insertion element (1). It is possible that transposon probes or DNA sequence analysis of the 1.1-kb fragment common to the small Shigella plasmids might reveal the presence of an insertion element.
We found that molecular methods were useful in differentiating isolates of Shigella species in our population. We confirmed the correlation between serotypes and plasmid patterns in S. flexneri. This observation may be useful for the detection of epidemic strains as they are introduced into a population. The study of the Shigella plasmids beyond plasmid profiles by DNA hybridization and restriction enzyme digestion suggested evolutionary relationships not previously observed between the plasmids. The homology found between the small Shigella plasmids and the presence of a conserved fragment provide evidence for evolution of these plasmids and may suggest the importance of these plasmids in virulence or survival.
